3D Numerical Experimentation on the Core Helium Flash of Low-mass Red Giants by Dearborn, D P et al.
UCRL-JRNL-213547
3D Numerical Experimentation
on the Core Helium Flash of
Low-mass Red Giants





 This document was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor the University of California nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or the University of California. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or the University of California, 




















ß^2PÏ\VXRUP£^:PhqIGIÐÍ ÑC8ÓU^ GIÓC8Y GIÍÎçVXRUdsC8YkdPmEXPhYkdGIY+dU^:P0qIGiÚ~PVXÚlÍÎV_ÓdÓdfCeRUÓÕèGids^ C4gmPmRUVeÖ¢CeoXP
ÍC8ÓUÓTWPmdÂÕﬃPmPhYCSTWV_Ð:déãéCeYHðä å$ds^2PéÍGIYGIÍÐÍ@ÍC8ÓUÓPhÓÎCeRUPéC qIGiddsqiPáqiVQÕﬃPmRÚ~VXRÎÍÎPmdsC8q ÖÄçWV©VXR
ÓdfCeRUÓhLJ©GIY!Ï\PÎds^2PÕ$VXRUíKVXÚ	4PhÓdUPhqlÜã




ds^:GIÓÎRsÐYCFÕCFÙ GIÓKÜÐÓUÐ!C8qIqiÙ!ÞY2VXdCÌÏmCedsC8ÓdURUV8ç!^G×ÏCSïC8GiRh[qIGií8P4C ÓsÐ2çWPmRsY:VSEeCaPÛë2ç!qiV_ÓUGiV_Yu[ TWPFÏhCeÐÓPKC
Õè^2V_qiPÏÛq×C8ÓUÓVXÚuÓdfCeRUÓF[kdU^:PD^:VXRUGighVXYkdfC8q ÖÄT:RfC8Y!Ïf^ÓdfCSRsÓ$V8Úuo_qiV8T!Ðq×CeRﬃÏÛqIÐÓdUPmRsÓh[kGIÓ$ÕﬃPhqIqPÛë2çq×C8GIY:PhHT©ÙÎds^:P
ÓUÐ:RUE©GiE8CeqOVXÚ$^:PhqIGIÐÍÖÄÑC8ÓU^ ÓUdsCeRsÓGIYCqiVXY:o8ÖqIGiEXPhH ÓUdsCedUPêV8ÚõÏ\VXRP^:PhqIGIÐÍ T!Ð2RsYGIY:o+ÜCeÐqií2Y:PmRã
kÞ\L
èPmEXPmRds^:PhqiPhÓUÓF[CedUdPFÍêçdsÓèdVÏ\V_Íêç!Ð:dUPds^:PPmEXV_qIÐ:dUGiV_Y4HÐ:RUGIY:o£ds^:PÑC8ÓU^K^!CFE8PêC£Ï\V_Y:ÚÐÓUGIY:o£^GIÓdUVXRÙ ö














ß^2P B$ØÂPh^©Ð:d¢Ù7çRVXØÂPFÏ\dÎVXÚ(ds^:P bcCFÕlRPFYÏÛP4bcGiE8PhRUÍÎVXRPCedsGiVXY!C8qèbcCeTVXRfCedVXRUÙ GIÓ£C8YPhïWVXRddUV
ÍÎV2H2PFqÓdsCeRsÓGIYAÝXBêL(Ð:RéÐqidUGIÍCedPÌC8GIÍ GIÓádVTWP+CeT!qiP dUV<ÍÎV2H:PhqÔC8Y PhYkdsGiRPÓUdsCeRF[Ð:çAdV=CeYH
GIY!ÏÛqIÐHGIY2oêds^:Pç!^2VXdUV_Óç!^2PhRPC8YHGIYH:PmPhHádVêoXPhY:PmRfC8qIGigmP(ds^:GIÓõdUVÎTGIY!CeRUÙ£ÓdsCeRsÓh[:GIY!ÏÛqIÐH:GIY:oêo_C8ÓõÑVSÕlÓ
TWPmdÂÕ$PmPFY ds^:PhÍ GIYu[pÚ~V8RêPÛëC8Íêç!qiP_[CV:Ïf^:PÛÖqiVXTWPÛÖÄVSE8PhRÑVSÕ	ÓsGidUÐ!CedUGiV_YuL ËÌP4CSRUPéCeçç:RUVkCXÏf^GIY2o ds^:GIÓ
oXVkCeqÄ[2T!Ð:dèGidèGIÓõÚC8GiRsqiÙPFC8ÓÙ0dUVÓPmPÔds^!CSd(CêÓUdsCeRèqIGií8Pds^:PJ©ÐY[Ú~VXRlGIYÓdfC8Y!Ï\P_[2ÕﬃV_ÐqIHáRPkÐGiRUPCedlqiPQCeÓUd






	ç!CeRUdÚ~RV_Í dU^:P GIYkdRsGIYÓUG×ÏGIY_dUPmRUPhÓdVXÚDds^:P îèP4ÑC8ÓU^u[$V_Ð:RVXdU^:PmRRPQCeÓUVXY<Ú~VXRç!Ð:RUÓsÐ:GIY:o ds^:GIÓ
çCeRdsG×ÏÛÐq×CeRçRUV8T!qiPhÍ GIÓÔds^!CSdGidçWVXdPhYkdsG×C8qIqiÙ GIÓCEXPmRUÙ oXV©V2HdUPhÓdÔÚ~VXRds^2P£ÓdfCST!GIqIGidÂÙ CeYH CXÏmÏÛÐ:RsCXÏ\Ù














ýuþﬀﬁﬃﬂ Xü  û ~ýMú
BØÂPF^kÐ:dÂÙ7GIÓCÌÏ\V2H:P4H:PhÓsGioXY:PhHdUV ÍêV2H:PhqPhYkdUGiRUP4ÓdfCSRsÓGIY ÝXBêLBPmEXPhqiVXçWPhH CSdds^:P bcCFÕRUPhY!Ï\P












ÏÛÐ:TWV_GIH:ÓéÜ  $Þ\L (Y:P0VXÚlds^:P0dÂÕ$V  ÚCXÏ\PFÓVXÚlPFCXÏf^ ÏmÐ2TWV_GIH GIÓêCedUdsCXÏf^:PhH+çWV_GIYkdT©Ù
çWV_GIY_ddUVédU^:PÎÚCXÏ\PÎVXÚds^:PÏ\PhYkdURsC8qpÏÛÐ:TWP_LÎß^2PV8ds^:PmR ÚCXÏ\PêVXÚ$PFCXÏf^ÏmÐ2TWV_GIHGIÓÍCeççWPhH dUV
qIGiPV_Y4CêÓç!^:PmRUG×ÏhCeqÓUÐ:RUÚCXÏ\PÚ~VXRsÍGIY2oêds^:PÔV_Ð:dPmRlTWV_Ð:YH!CeRÙkLpß^:PÏÛÐ:TWVXGIHÓèCeRUPds^:PhY ÍÎVXRç!^:PhH:GIYkdUV
ÕﬃPhH:o8PlÓU^!CeçPFÓ ÕèGidU^ÎÓUÐ:RUÚC8ÏÛPhÓ V_Yds^:PlqiV_Y:oÜbOÞcRfCeHG×C8qCQë:GIÓ dURsC8YÓUGidsGiV_Y:GIY:oDÚ~RUVXÍðç!q×C8Y!CeR dUVÔÓç!^:PmRsG×ÏmC8qÄL
ß^2P ÚCXÏ\PhÓlCeRPÔÓUGIÍGIq×CeRsqiÙCedUdsCXÏf^:PhH0dUVC8HeØCXÏ\PhYkdlÏÛÐ:TV_GIHÓlGIYCçWV_GIYkd#ÖÄT©ÙkÖÄçWV_GIY_dõÚC8ÓU^GiV_YuL 	(Y
PÛë2ç!qiV2H2PFHEXPmRsÓUGiV_Y[2ÕèGidU^édU^:PqiVXo_G×ÏmC8q ÓdURsÐÏÛdUÐ:RUPÔVXÚﬁds^:PÏÛPhYkdRfC8quÏÛÐ:TWPCeYH4ÓUÐ:RURV_ÐYHGIY2o£ÏÛÐ:TWV_GIHÓh[GIÓ






dUPhÍÎçPhRsCedsÐ2RUPÎC8Y:HaçRPFÓUÓUÐ:RPkLÔßõ^:PÎÍÎPhÓU^ ÏhCeY PhY!Ï\V_ÍÎç!C8ÓUÓÔC8Y PhYkdUGiRUPÓdfCeR(ÕèGids^ Ú~RPmPV_Ð:dPhR(TWVXÐYH2Ö














ß^2PãhB Ï\V2H:PÏmCeRURUGiPhÓ KPhqiPFÍêPFY_dsÓáÜ¢Z#î[ﬃfîèP_[! {îèP_[ﬃZj{`D[Z" [ CeYH=Z$# ÔÞHGiRUPFÏ\dsqiÙ_[ﬁÕèGidU^ ds^:P







ﬁGioLõãXL   ÜèççWPmR{Þ 	Y0Pmë©ç!qiV2H:PhH0E2GiPmÕ VXÚcdU^:PÍÎPhÓs^0ÓdURUÐ!Ï\dsÐ:RPk[2GIY0qiVXo_G×ÏmC8qWÓçC8ÏÛP_LlÜbuVQÕﬃPmR\ÞﬃqiV2Ïfí©Ó









^:PhqIGIÐÍ T!Ð:RUYGIY:o RUPhÓUÐqidsÓhL4ß^:P0PhqiPhÍÎPhYkdUÓÚ~V_qIqiVSÕﬃPhH+CeRP4Z#î[ﬃfîèP_[ \îlPk[ZÄj{`D[ Zﬃ\`D[ Zﬃ [pZ$ [pZ [
Z ê[ Z# [ Z [ Z  [pZ ﬃ[pZ  ﬃ[ Z Ò[ﬁj èP_[ j¢j èP_[ j  Ko![ j  J©GÄ[ ﬃÂj{JÌC8Y:H # GÄLéæY dU^:P FÖÄPhqiPhÍÎPhYkd
ÍÎV2H2Pk[uds^2PRsCedUPÎP©Ð!CedUGiV_YÓCSRUPGIH:PhYkdUG×ÏmC8qpGIY ds^2P ãhB CeYH+ÝXBâÏ\V2H2PFÓhLêË ^:PhYÌds^2P :ã{ÖÄPFqiPhÍÎPhYkdÓPmd
GIÓÐÓPFH[ﬃdU^:P ÝXB%Ï\V2H:PK^!C8ÓdU^:V_ÓP4RfCSdUPhÓ£CeÓÕ$PFqIqlC8Ó£C8HH:GidsGiV_Y!CeqõRfCedPFÓC8YH=Ï\V_Ð:çqIGIY:o_ÓhL ßõ^:P :ã\Ö
PhqiPhÍÎPhYkdlÓPmdèGIÓlÏ\V_YY:PFÏ\dUPhHáÕèGidU^4C8YPÛë2dPFY:ÓsGiE8PÔÓUPmdVXÚOYkÐ!ÏÛqiPQCSRRUPFCXÏ\dsGiV_Y0RfCedPhÓlGIY!ÏÛqIÐHGIY2o^kÙ2H2RUVXoXPhYu[
^:PhqIGIÐÍ4[pÏmCeRTWV_Y7C8YH VFë2Ù©oXPhY T!Ð:RUYGIY:oaRUPFCXÏ\dsGiV_Y:ÓF[ C8ÓÕ$PFqIqﬃCeÓÎC ÓsÍC8qIq	DJ2n ÜY©Ð!ÏÛqiPFCeRÓUdsCedsGIÓdUG×ÏhCeq











æY ãmBê[ÏÛVXYkEXPFÏ\dsGiV_Y GIÓ4C8qiÕõCFÙ2ÓáÍÎV2H:PhqiPhH TkÙ C8YìCeççRVQë:GIÍCSdUP ç:RUV:Ï\PhÓUÓFLâæY V_Ð:RÌãhB Ï\V2H2Pk[
Ï\V_YkEXPFÏ\dsGiE8PlPhY:PmRUoXÙdURsC8YÓçWVXRd$GIÓdURUPFCedPhHÕlGids^£CÓdfC8Y:H!CeRsHÍÎG ë:GIY:o8ÖqiPhY:oXdU^Ceçç:RUVkCXÏf^u[kC8Y:HPFqiPhÍÎPhYkd
ÍG ë:GIY2o7GIÓÍÎV2H2PFqiPhH C8ÓéC HGiïMÐÓUGiV_Y ç:RUV:Ï\PhÓUÓÐÓUGIY:o<C ÓPFÏ\V_YH2ÖÄV8RsH:PmRHGiïWPmRUPhYkdsG×CeqP©Ð!CedUGiV_Y ÕlGids^




CeRUGIÓUPKÓçWVXYkdfC8Y2PhVXÐÓUqiÙ<CeRPKRUPFC8ÓV_YCeT!qiÙ RUPhÓV_qiEXPhHuL æÄd£GIÓds^2PFÓPKq×CeRUoXPmRPhHH:GiPFÓds^!CSddUPhYH dV7ÏmCeRRUÙ





ds^:GIÓ0GIÓÓUÐ £ÏÛGiPhYkdÚ~V8Rds^:PhGiRRUPhÓV_qIÐ:dUGiV_YuL îèVSÕ$PmEXPmRF[õC8ÓÕlGIqIqlTWP HGIÓsÏÛÐÓUÓUPhH TPFqiVQÕ[$Õè^:PhY=ÍÎVXdsGiVXY
ÏmC8ÐÓPhÓds^:P0bcCeo8RfC8Y:oXG×C8YÌÍêPFÓU^ÌdUV4TWP0ÓUÐ ÏmGiPhYkdUqiÙ H:GIÓUdVXRUdPhHu[ﬁC8Y npÐqiPmRsG×C8YRPmÖÍCeç ÓdUPmç ÏhCeY+ÍG ë
ds^2PÏ\V_ÍêçWV_ÓUGidsGiV_Y0V8Ú C8HeØCXÏ\PhYkdlÏÛPhqIqIÓõÕl^GIqiPÔÓUÍÎV©VXdU^GIY:oÎds^:PÍÎPhÓU^ÓdURsÐÏÛdUÐ:RUP_L
ß^2PãhB Ï\V2H:PlÐÓPFÓ ds^:Pèn oXo_qiPmdUV_YéÜ#ã
 2ãFÞﬁCSççRUV_CXÏf^êÚ~VXRpGIÍÎç!qIG×ÏÛGidF[8C8HCeçdsGiE8PÍÎPhÓU^CeHeØ#ÐÓdsÍÎPhYkdh[
çWPmRsÍÎGidUdsGIY2o£ds^2PÎÏ\V2H2PdUVáÏ\V_YkdUGIY©Ð:PÓsÍêV©VXds^:qiÙ4C8YH4PÏmGiPhYkdUqiÙáds^:RV_Ð:o_^4RsC8HG×ÏmC8qÓdURUÐ!Ï\dsÐ:RsC8qﬁC8HSØ#ÐÓdÖ





Ü 	èRUT!GidRfCeRÙ+bcCeoXRsC8Y:oXPÛÖ¢nÐqiPmRUG×C8YWÞD^kÙ2H:RV2H:Ù2Y!CeÍG×Ï£ÍÎPmds^2V2Hu[ GIY+Õè^G×Ïf^ C8Y PÛë2çqIG×ÏmGid^_Ù2H:RUV©H:Ù2Y!C8ÍÎG×Ï









ß^2P 	Dbcn ÓfÏf^:PhÍÎP(GIÍêç!qiPhÍÎPhYkdUPhH^:PmRUPÕCeÓdUPhÓdUPhHT©ÙNﬁPhÍTPhR  	(YH:PmRUÓUVXY Ü ãQÞ\[XÕl^:VRsC8Y
CYkÐÍTWPmRVXÚÓUdsC8YH!CSRsH£^_Ù2H:RUV©H:Ù2Y!C8ÍÎG×ÏmÓdUPhÓdsÓﬃÏ\V_ÍêçCeRsGIY2oGiddVC8Y0npÐqiPmRsG×C8Y^GioX^2ÖÄVXRsH2PhR 	(V2HÐY2VSE
ÓsÏf^:PhÍÎP_Lß^:PmÙKÚ~V_ÐYHadU^:PCXÏmÏÛÐ:RfCXÏ\Ù4VXÚds^:PêdÂÕﬃVÓsÏf^:PhÍÎPhÓ(dUVTPÎoXPhY:PmRfCeqIqiÙ4P©ÐGiEeC8qiPhYkdh[ C8YHads^!CSd
ds^2P 	Dbcn ÓfÏf^:PhÍÎPÕõC8Ó(ÍÐ!Ïf^aGIÍêçRUVSE8PFH4VSE8PhRDCeY PFCeRUqIGiPhR(Ï\V_ÍÎçCSRsGIÓV_Y4RUPmçWVXRdUPhHKT©ÙéËÌV©V2H2ÕCeRUH
`$VXqiPFqIq×C£Ü#ã



















Y©Ð!ÏÛqiPFCeRPFY2PhRoXÙçRUV2H:Ð!Ï\dsGiV_Y7C8Y:H Y:PhÐ:dURUGIY:V qiVXÓsÓPhÓhLaNpq×C8Y!Ïsí+C8YH V_ÓUÓPhq×C8YH ÍÎPFC8Y+VXçC8ÏmGidUGiPhÓCeRP
H:PmRsGiE8PFH£Ú~RUVXÍ	ds^:P çC8qMqIGiTRfCeRÙ£Cedbcb (b[:C8Y:Hﬁ	(qiPÛëC8YH2PhRﬃVXç!CXÏÛGidsGiPhÓ$Ú~VXRﬃdU^:PÔqiVQÕﬃPmR$dUPhÍÎçWPmRsCedsÐ:RPhÓ
Ü 	qiPÛëC8YH:PmR  PmRUoXÐÓV_Y7ã











oXRsCFE2GidÂÙ_LË ^:GIqiPõdU^GIÓ GIÓ C8H:P©ÐCedUPhqiÙCXÏmÏÛÐ:RfCedPﬃÚ~VXROdU^:PõçRVXT!qiPhÍðÏÛVXYÓUGIH:PmRUPhH^:PmRUP_[eÕ$PCeRUPõH:PmEXPhqiVXç!GIY2o
CÎÍÐ:qidsGiçWV_qiPÔCeçç:RUVQë:GIÍCedsGiV_Y£dUVÎds^:PÔoXRsCFE2GidfCSdsGiV_Y!CeqWçWVXdUPhYkdUG×C8qMÚ~VXRèÐ:ÓUPGIYqiPhÓUÓlÓç!^:PmRsG×ÏmC8q ÓUÙ©ÓUdPhÍÓhL
	(ÓCﬀY!C8q(Y:VXdPaV_Y=dU^:PãhB ÍÎV2H:PhqIGIY:o V8ÚC ^2PFqIGIÐ:Í ÑCeÓs^[ds^:PÏ\V_Y:HGidsGiV_Y:Ó0ÍCeíXP Y©Ð:ÍÎPmRÖ
G×ÏmC8qDÓdfCST!GIqIGidÂÙ=CÏf^!CeqIqiPFY2o_GIY:o çRVXT!qiPhÍ4L	ßcV7ds^GIÓ0PFY:Hu[ds^2P ãhB ÏÛV©H:P ÕC8ÓáÍC8H:P ÚÐqIqiÙàÜ 8ÖÄT!Gid\Þ
H:V_Ð2T!qiPÛÖÄçRUPFÏÛGIÓUGiV_Yu[ ds^2PH:PmRsGiEeCedUGiEXPhÓY:PFÏÛPhÓUÓsCeRUÙKÚ~VXRÔdU^GIÓÔÓUVXqIÐ:dsGiV_YaÕ$PhRPC8qIqpH2V_Y:P£C8YC8qiÙ©dsG×ÏmC8qIqiÙ_[CeYH







  ß 	
 ﬂ

 ø÷!ø úﬀ  ©ú ﬂýWú
nCXÏf^7VXÚds^2P ÝXB ÓUGIÍÐ:q×CedsGiV_Y:ÓêH:VXY:PK^2PhRP4ÓdfCeRdUPhH7Ú~RUV_Í CaTC8ÓUG×ÏáÍÎV2H2PFqõo8PFY2PhRsCedUPhH<CeÓÎçCeRd
VXÚõdU^:P£PmEXVXqIÐ:dsGiV_YCeRUÙaÓP©Ð:PhY!Ï\PVXÚC ãcä å<NVXçcLæ(ÓdfCeRhLæÄdC8ÓUÓsÐ:ÍÎPhH C8Y+GIYGidUG×C8qp^kÙ2H:RVXoXPhY+ÍC8ÓUÓ
Ú~RfC8ÏÛdUGiV_YáVXÚ :L 2[!CeYH4ÍÎPmdfC8qIÓlCeT!ÐY:H!C8Y!Ï\P0ÜDÞ$VXÚ L :Lß^2PÍÎV2H:Phqu^!C8H êgmV_Y:PhÓh[!C8YHKCÎÍG ë:GIY2o
qiPhY:oXdU^£RfCedUGiVVXÚãXL ﬂLË Gids^£ds^:PhÓPGIYGidUG×C8qMÏ\V_YH:GidsGiV_YÓh[kGidõHGIH0Y:VXdõÍCedfÏf^V_Ð:RﬃTWPhÓdÓV_q×CeRﬃÍêV2H:PhqÄ[kT!Ð:d
ÕCeÓèÏÛqiV_ÓPÜ ðã å Ced   ﬂ 	(Ù©RF[:C8Y:H  ãXL DåÞ\L
4V2H:PhqIGIY:oTWPmokCeYéÕlGids^4CÎÚÐqIqiÙáÏÛVXYkEXPFÏ\dsGiEXPçRPÛÖÍC8GIYéÓP©Ð:PhY!Ï\PÓdURUÐ!Ï\dsÐ:RP^!CFE©GIY:oY:V£Y©ÐÏmqiPFCeR
RUPFCXÏ\dUGiV_YÓhL ß^:PãhBâPmEXV_qIÐ:dUGiV_Y+çC8ÓUÓPhH dU^:RUV_Ð2o_^ dU^:PÍC8GIY ÓPkÐ:PhY!Ï\PéC8Y:H7dU^:P0o_G×C8YkdTRsC8Y!Ïf^u[ dUV
ds^2P0^:PhqIGIÐÍ Ï\VXRPÑCeÓs^[ CeYH ﬀ!Y!C8qIqiÙadVaÏ\VXRUP£^2PFqIGIÐ:Í T!Ð:RsY:GIY:o7ÜﬁGioL _Þ{Lß^2P0^:PhqIGIÐÍ Ï\VXRPÑC8ÓU^
V:ÏmÏÛÐ:RsÓCedÔds^:PdsGiçVXÚﬃdU^:Po_G×C8YkdTRsC8Y!Ïf^Õè^2PFYdU^:PÍÎV2H:PhqpGIÓã  	(Ù©RÔVXqIHu[C8YHÌ^C8ÓCáRfCeHGIÐÓÔVXÚ
ã DåﬁL 	d(ds^GIÓ(çWV_GIYkd(dU^:PÏ\VXRUPêÍC8ÓUÓDGIÓ :L   ä+åÌÕèGidU^ C£RfC8HGIÐ:ÓDVXÚ L (åOL $PmÚ~VXRUPê^2PFqIGIÐ:Í
Gio_YGidUGiV_YC8qIqVXÚ ds^:P    åGIÓH:PmRsGiE8PFHÚ~RV_Í ^kÙ2H:RVXoXPhYT!Ð:RUYGIY:oGIY£CÔds^GIYÓU^:PhqIqÄLpJ©Ð:RRUV_Ð:YHGIY:ods^:P
^kÙ2H2RUVXoXPhYKT!Ð:RUYGIY:oáÓs^2PFqIqGIÓCRsC8HG×CedUGiEXPRUPmo_GiVXYKds^!CSdÏ\V_YkdsC8GIYÓV_YqiÙKCSTWV_Ð:d L  pä åﬁ[MTÐ:d(Õè^:V_ÓP
RfCeHG×C8q!PÛë2dUPhYkdPÛëÏ\PhPhHÓ(åéVXR  Ï\VXRUPRsC8HGIGÄL EXPmRds^:GIÓ$RfCeHG×CedsGiE8PèRUPmo_GiV_Y[_dU^:PDH2PFY:ÓsGid¢ÙH:RVXç!ÓT©Ù
Y:PFCeRUqiÙ VXRUH:PmRsÓVXÚﬁÍCeo_Y:GidsÐH:P_L
B(Ð:RsGIY:odU^:PÎPhYkdUGiRUPãhB*PmEXV_qIÐ:dUGiV_Y ÍC8ÓUÓqiV_ÓUÓDT©Ù ÓdUPhqIq×CeR(ÕèGIYHaÕõC8ÓêyM8OGIY!ÏÛqIÐH:PhHuLæÄdÔGIÓDÕﬃPhqIq Ö
í2Y:VQÕèY dU^!CedêÓV_ÍêPÍCeÓsÓqiV_ÓUÓh[OçRUV8TCeT!qiÙÌTWPmÚ~VXRPádU^:P^:PhqIGIÐÍ ÑC8ÓU^CeÓÕﬃPhqIqﬃC8ÓêCeÚ~dUPmRêGidh[ GIÓdVaTWP
PÛë2çWPFÏ\dUPhHuL îèVSÕ$PmEXPmRﬃGidﬃGIÓﬃC8qIÓVÕ$PhqIq ÖÄí2Y:VSÕlYds^!Ced$ds^:PD^:PhqIGIÐÍ%zfewsxpV_Y£ds^2PÔCSççRUV_CXÏf^£dVds^:P^2PFqIGIÐ:Í
ÑC8ÓU^aGIÓRfCSds^:PmRDqIGidUdUqiPêCeïWPFÏÛdPhHu[WçRVSE2GIH:PhHKVXYqiÙ4dU^!Ced(ds^2PÎÍCeÓsÓ(qiV_ÓUÓDH2V©PhÓDY:VXdDÓdURUGiçadU^:PÎÓdsCeR(RsGio_^kd
H:VSÕlY0dUVêdU^:PÏ\VXRP_LJ©GIYÏÛPDds^2PÏ\VXRPÔCedõdU^:PÔ^:PhqIGIÐÍ	ÑCeÓs^0ÕC8Ó   ä+åO[©ds^2PÔÓUdsCeRﬃÕﬃV_Ð:qIHá^!CFEXP^C8H
dUVqiV_ÓP(ÓV_ÍêPhÕl^!Ced$ÍêVXRUPèds^!CeY0^C8qiÚGidsÓ$ÍC8ÓUÓhL ßõ^GIÓ$GIÓ$Y2VXd$V_Ð:dVXÚdU^:P ©Ð:PhÓdsGiV_Y[_T!Ð:dﬃGid$GIÓçRUV8TCeT!qiÙ
C8YPhÓdsGIÍCSdUPÎVXYds^:P^Gio_^ÓUGIH:P_L£æÄÚﬃPhGids^:PmR£ÜCkÞds^:PÓdfCeRqiV_ÓdÔV_YqiÙ  ä+åO[uVXRC8qidPhRUY!CedUGiEXPhqiÙ7ÜTWÞ





RUPmo_GiVXY4CedCeTWV_Ð2d ﬀIã ﬂä åﬁ[VXR    ﬂﬁDåﬁ[Ú~RV_Íâds^2PÏ\PFY_dUPmRFL	(Ólds^:PÔPFY2PhRoXÙ0çRUV2H:Ð!Ï\dsGiV_YRfCedPÔÚ~RUV_Í
^:PhqIGIÐÍ9T!Ð:RsY:GIY:oTWPFÏ\V_ÍÎPhÓlÓUGio_Y:G ﬀÏmC8YkdF[2CÏ\V_YkEXPFÏ\dsGiE8PÓU^:PhqIqGIÓlH:PmEXPhqiVXçPFHádVdRfC8Y:ÓUçVXRUddU^:PÔPFY2PhRoXÙ_L
ß^2PãmB ^kÙ2H:RV_ÓdfCedUG×ÏÏ\V2H:PèÐÓPhÓ$CÍG ë:GIY:o8ÖqiPhY:o8ds^ÎCeçç:RUVkCXÏf^ds^!Ced^!C8ÓY:VdUGIÍÎPlH:PmçWPhYH:PhY!Ï\PèÚ~V8Rpds^:P







ﬁGioL:L   ßõ^:PãhB PmEXVXqIÐ:dsGiV_YêVXÚMV_Ð:R(ãcä åáÍÎV2H:PhqGIYÎds^2PdU^:PmVXRUPmdsG×ÏmC8qî èBêL_NpRUPÛÖÄÑC8ÓU^ÎPmEXV_qIÐ:dUGiV_YÎGIÓ
GIYÎT!qIÐ:P_[kC8Y:HçWV_ÓdÖÄÑCeÓs^ÎPmEXV_qIÐ:dUGiV_YÎGIÓGIYRPFHL BDÐ2RsGIY:odU^:Pq×CedPmRÓUdsCeoXPlVXÚMPmEXV_qIÐ2dsGiV_YêdUVÔds^:P^2VXRsGigmV_Y2Ö












 Ö¢ÝL  ﬂ L Ý ﬂ
ﬂ Öfã L 8Ý  ﬂL  
 Ö  2Liã :L  
 Ö¢Ý 2L 
 ãXL  èã ﬃ
 Ö :L  èã ﬃ ãXL  èã  
 ÖfãXL èã  
L ﬂ èã  
Ý Ö 2L  èã  :L  èã 







ds^2PèdUGIÍÎPds^Cedpds^:PlPhY:PmRUo8ÙçRV2HÐ!Ï\dsGiVXYÎRfCedPlÚ~RV_ÍÒ^:PhqIGIÐÍðT!Ð:RUYGIY:oRPQC8Ï{^2PFÓlã   åﬁ[_GidpdsCeíXPhÓCeTWV_Ð2d

















æYdU^:Pã:[   ÙXPFCeRUÓõÚ~VXqIqiVSÕèGIY:ods^:PçWPFCeí£VXÚcds^:PÔ^:PhqIGIÐÍ9ÑC8ÓU^u[2ds^:PRsC8HGIÐÓH:RUV8ç!ÓõdUVCeTWVXÐ:d (åO[
Y:PFCeRdUVÎds^:PÔEeC8qIÐ:Pds^!CSdlÕèGIqIqMTWPÓsÐ2ççWVXRdUPhHéTkÙÏ\VXRUPÔ^:PhqIGIÐÍ T!Ð2RsYGIY:o!L
ß^2PêGIY:GidsG×C8quT!Ð:RUÓdDV8Ú^:PhqIGIÐÍ T!Ð2RsYGIY:o£PFY2PhRoXÙéGIÓDCeT!ÓVXRUTPFHKGIYaC£ÏÛVXYkEXPFÏ\dsGiEXPÓU^:PhqIqÄ[MC8Y:H VSE8PhR#Ö
PÛë2çC8Y:HÓds^:PaÏ\VXRUP_L ß^GIÓ ©Ð:PhY!Ïf^:PhÓds^:P ^:PhqIGIÐÍ T!Ð:RUYGIY:o Ü OGio!L 2Þ\[õC8YH dU^:PaÏ\V_YkEXPFÏ\dsGiEXP4ÓU^:PhqIq
ÓdfCeTGIqIGighPhÓhL 	ddU^GIÓáçWV_GIYkdh[dU^:P+Ï\VXRPÓdURUÐ!Ï\dsÐ:RPÌGIY!ÏÛqIÐH:PhÓéCÏ\PhYkdURsC8qDRPmo_GiV_Y VXÚCeTWVXÐ:d Iãä+å






ﬁGioL Ý:L   æY ds^2PãhB ÍêV2H:PhqÄ[OdU^:P0dsGIÍÎPá^:GIÓUdVXRUÙ VXÚldU^:PáPhY:PmRoXÙÌç:RUV2HÐÏÛdUGiV_Y RfCSdUPÜGIYpåcÞÚ~RUV_Í











CFEXPmRsCeoXPhHÌVSEXPmRds^:P£PFY_dsGiRUP0Ï\VXRUP0GIÓ L 2L(Y CKdUGIÍÎPhÓsÏhCeqiPVXÚèCeTWV_Ð2d  =ã ÙXPFCeRsÓh[ﬁdU^:PáÍÎV2H2PFq
PÛë2çWPmRsGiPhY!Ï\PhÓêd¢ÕﬃVÍÎVXRPéÍGIYG Ö^:PhqIGIÐÍêÖÄÑ!C8ÓU^:PhÓFL ß^2PFÓP4ÍÎGIYG ÖÄÑC8ÓU^:PhÓCSççWPFCeRGIY ds^:PKî  H:G×CeoXRfCeÍ
ÜﬁGioL XÞCeÓCáÏ\V_Ð:ç!qiPVXÚY!CeRURVSÕðqiV©VXç!Ó(qiV©V8ç!ÓDY:PFCeR(ds^2PÎÐqidUGIÍCedPêÏ\VXRUP^:PhqIGIÐÍ T!Ð:RUYGIY:oqIÐÍÎGIY:V_Ó#Ö
GidÂÙ_L :V_qIqiVSÕèGIY2o0ds^:PÎÓPFÏ\V_YH ÍGIYG ÖÄÑ!C8ÓU^u[Mds^2PÎÑ!Ð!Ï\dUÐ!CedsGiVXYÓÔCeRUPÎÓUÍCeqIqﬁPhY:V_Ð:oX^ads^Cedds^:PCeÓsÓV:ÏÛG×CedPhH
Ï\V_YkEXPFÏ\dsGiE8PRPhoXGiV_YGIÓèY2PhE8PhRPÛë2dsGIY:oXÐGIÓU^:PhHuL qidsGIÍCedUPhqiÙ_[:CeTV_Ð:d   ã #ÙXPFCeRsÓèCeÚ~dPhRdU^:PçWPFCeíM[:ds^:P
Ï\PhYkdUPmRTWPFÏ\V_ÍÎPhÓèÏ\V_Íêç!qiPmdUPhqiÙ£ÍG ë2PhHu[CeYHds^2PChEXPmRfCeoXPÍC8ÓUÓõÚ~RfCXÏ\dsGiVXYáVXÚZÄj{` GIÓ L 8Ý:L
 ø  ø
È




Ú~VXRpds^:PèHÐ:RsCedsGiVXYÎVXÚMds^2PèÑ!C8ÓU^u[kC8YHÎds^:Pèd¢Ù©çWPèV8Ú ÓdfCSRds^CedPhÍÎPmRUo8PFÓ Ú~RUV_ÍÒGidhL Ý8B ÍÎV©H:PhqIGIY:oÔçWPmRsÍGidUÓ
CH:GiRUPFÏ\d(ÓUGIÍÐq×CSdsGiV_YV8Ú ds^:PÏ\V_Y_EXPFÏÛdUGiV_YçRUV:Ï\PhÓUÓh[MC8ÓèÕ$PhqIqC8ÓY©Ð:ÍÎPmRsG×ÏmC8qudPhÓUdUGIY:o£V8Ú dU^:PÓPhYÓUGidsGiE©GidÂÙ
dUVÎçWPmRdsÐ:RTCedsGiVXYÓVXRlqIGIÍGidfCSdsGiV_YÓÜÓUÐ!Ïf^4C8ÓõRUPhÓV_qIÐ:dsGiVXYWÞ\L
V8Rds^GIÓÓdsÐH2Ùk[ãhB ÍêV2H:PhqIÓÕﬃPmRPÓdUV8RUPhH7CSdêGIYkdUPmRE8CeqIÓêCeqiV_Y:o ds^:P0PmEXV_qIÐ:dUGiV_Y!CeRÙdRfCXÏsí [pCeYH
ds^2RUPmPV8Úcds^2PFÍ	ÕﬃPmRPÓPFqiPFÏ\dUPhH£dVÎÓdsÐH:Ù£GIY0Ú~VXÐ:RÝXBÓUGIÍÐq×CSdsGiV_YÓDÜßﬁCeT!qiP _Þ{L 	(ÓõY:VXdUPhHáGIY£ds^:PÔÏ\V2H:P
H:PhÓsÏ\RsGiçdUGiV_Yu[8B$ØÂPh^©Ð2dÂÙGIÓpÏhCSçCeT!qiPﬃVXÚWÍÎV2H2PFqIGIY2oPhYkdUGiRUPõÓdfCeRUÓF[eT!Ð:d Ú~VXROds^:GIÓ çRVXT!qiPhÍ4[8Gid GIÓOds^:Pl^2PFqIGIÐ:Í
Ï\VXRUP£C8YH+^kÙ©H:RUVXo8PFYÌÓU^:PhqIqpRUPmo_GiVXYds^!CedCeRPVXÚõGIYkdUPmRUPhÓdFL0æÄdÏ\V_YkdsC8GIYÓY:PFCeRUqiÙ ^!C8qiÚõV8ÚõdU^:P£ÍC8ÓUÓVXÚ
ds^2PÔÓdfCSRF[©TÐ:dVXYqiÙ ã !ZjﬃdU^:PE8V_qIÐÍÎP_L ßõ^:PEeC8ÓdõTÐqiíVXÚcds^:PÓdfCeRõGIÓõGIY0ds^:PÔÏ\V_YkEXPFÏ\dsGiE8P(PhYkEXPhqiVXçWP_L
ßcVÌÏ\V_YÏÛPhYkdRfCedP0V_Ð:RêPmïWVXRUdV_Y dU^:PçWV8RUdsGiVXY VXÚlds^2PéÓdfCeRds^CedêÕõC8ÓçWPmRUdsGIY2PFY_dêdV ds^:GIÓêÓUdUÐH:Ù_[pÕ$P
ÍÎV2H2PFqiPhH V_Y:qiÙ C0çWVXRdsGiV_Y VXÚds^:PÎÓdsCeRF[ ÓPFqiPFÏ\dsGIY2oC0RsC8HGIÐÓDdU^!CedGIÓGIY ds^:PêRsC8HG×CedUGiEXPRUPmo_GiV_YKTWPhqiVSÕ
ds^2PÏ\V_YkE8PQÏ\dUGiEXPÔPhYkEXPhqiVXçPkL$ßõ^GIÓlV_Ð:dUPmRlRfCeHGIÐÓlÕC8Óè^2PFqIH ﬀ2ë2PhH4GIYédUPhÍÎçWPmRfCSdsÐ:RPC8YH4ÓsGigmP£ÜﬁGioL _Þ\L
npEXPhY^:PmRUPéÕﬃPéÕ$PmRUPéÍÎV2H:PhqIGIY:oÌC RPhoXGiV_Y7ds^Ced^!C8H<Y2PQCSRsqiÙ7Ý adsGIÍêPFÓêdU^:P4RsC8HGIÐÓ4Ü  2[    dsGIÍÎPhÓ
ds^2P£EXV_qIÐ:ÍÎPSÞ(VXÚõdU^:P0^:PhqIGIÐÍ Ï\VXRUP_[OCeYH CXÏ\RUV_ÓUÓÕè^:G×Ï{^ds^:P£H:PhYÓUGidÂÙH:RVXç!ÓTkÙÌY2PQCSRsqiÙ áVXRsH2PhRUÓVXÚ
ÍCeoXYGidsÐH2PkL
(Y:PDVXÚuds^:P(ds^:RPhPDÍÎV2H:PhqIÓh[2n [kÕõC8ÓﬃÓUPhqiPFÏ\dUPhH£dVTWPÔCRPFq×CSdsGiEXPhqiÙêTWPhYGio_YáÏmC8ÓP(ÕèGids^áC8Y£PhY:PmRUoXÙ












ﬁGioL :L   :VXRÍÎV2H:Phq$n [dU^:P0ÍÎPhÓU^+GIÓÓU^:VSÕèYÌV_Y Cç!q×C8Y:P£ÓsqIG×Ï\PdU^:RUVXÐ:o_^+dU^:P0ÓdfCSRF[ﬁÓUqIGio_^_dsqiÙ VXï
Ï\PhYkdUPmRFLOß^:PÏ\V_qiVXRT!CXÏsí©oXRUVXÐYH£GIÓﬃÓsÏmC8qiPhHdUVds^:PdUPhÍÎçWPmRsCedsÐ:RP_[kT!qIÐ2PÔÏ\V_qIH£C8YH£RUPhH£^:VXdhLpßõ^:P(çWPFCeí












ßﬁCeT!qiP :LpN CeRfCeÍÎPmdUPmRsÓﬃÚ~VXRds^2P :V_Ð:R(J©GIÍÐq×CedUGiV_YÓ
4PFÓU^ lÐY   
KV©H:Phq  ÜÍÎPmokCSÖÄgmV_Y2PFÓ{Þ N RUV:Ï\PhÓUÓUV8RsÓ ßõGIÍÎPkÜÓ{Þ ÜÏÛÍ0Þ
n  ã  L Ý
   
  L  èã Z 
n ﬂ  +ã  L Ý
     L  èã©Z 
n 
 Ý +ã  L ﬂ Ýã Ý ﬂL  èã Z 
n 
 Ý +ã ãXL Ý  ã
ã  ﬂL  èã©Z 











	(ÍêV_Y:o dU^:PéÓPmdUdUqIGIY:oaVXçdUGiV_YÓêGIÓV_Y2PÌÜ	PhRVSEXPhq~ÞÕè^G×Ïf^ GIÓêÓsGIÍêç!qiÙÌdUV ÓUPmdêdV gmPmRUV dU^:P4C8ÏhÏÛÐ2Ö






































GIÓlCÏ\RUGidsG×ÏmC8qpÜ  dURPQC8ÏmqiP  ÞÓçWPmPhHuL











































VXçdsGiVXY ÕõC8Ó£ÐÓPhH ^:PmRPk[ﬃTWPFÏmC8ÐÓP ds^2PaH:RUV8ç GIY H2PFY:ÓsGid¢Ù7ds^:V_Ð2o_^ q×CSRUoXPKGIÓ
Y:VXdÎC8Óq×CeRUo8PC8ÓGIYCKÕè^2V_qiPÓdsCeRF[OÕè^:PmRUP0ds^2PáE8CSRsG×CeT!qiP£VXçdsGiVXY GIÓÎÏÛÐ:RRUPhYkdsqiÙTWPhGIY:oadUPhÓdUPhHuLß^:P













G×ÏmC8qIqiÙÚ~RUVXÍds^2PlÏ\VXRP_L 	DGiE8PFYdU^!CedﬁÕﬃPﬃ^!CFEXPõC8YCeRUdUG ﬀÏÛG×C8qIqiÙ ﬀ:ë2PhHV_Ð:dPmRﬁTWV_ÐYHCeRUÙ_[SÕﬃPﬃÍGio_^kdPÛë2çWPFÏ\d
ds^2PFÍ dUV0TWV_Ð:Y!Ï\PêTC8ÏfíM[CeYH ÏmC8ÐÓPÚÐ:Rds^:PmR(dURV_Ð:T!qiP_LDîèVSÕ$PhE8PhRh[ds^:P  dURUPFCXÏÛqiP !E2GIÓsÏÛVXÓsGid¢ÙÕl^G×Ïf^ Õ$P









ÍCedPmRsG×C8q GIY ds^2P£^:PhqIGIÐÍ%Gio_YGidsGiVXY RPmo_GiV_YÏÛqIGIÍT!ÓÔÓÕèGiÚ~dsqiÙ_LÎæY+ÍêV2H:Phqn [udU^:PPFY2PhRoXÙ çRV2HÐ!Ï\dUGiV_Y




GIYGidUG×C8qÓUçGiíXP(dVÎÝ Kã å [2C8YHÕèGids^ds^:P(V_YÓPmd$VXÚÏ\V_YkE8PQÏ\dUGiV_Yds^:P(RsCedUPRUPmdsÐ:RUYÓ$dUVdU^:P(PÛë2çWPFÏ\dUPhH
EeC8qIÐ:PCeÚ~dUPmRèCeTWVXÐ:d êÓPFÏ\V_YHÓhL
V8RV_Ð:R ﬀRsÓdèÝXBÓUGIÍÐq×CedUGiV_Yu[2n ![2ÕﬃPPÛë2çWPmRUGIÍÎPhYkdUPhH0ÕèGidU^ádU^:P PmRUVSEXPhq CeççRVkCXÏf^ádVÓPmdUdsqIGIY2o
ds^2P GIYGidUG×C8qèÓUdRsÐ!Ï\dUÐ:RUP_LàæY dU^:P ﬀ:RsÓd0Ú~PmÕ ^©ÐYH:RPhH ÓPFÏ\V_YHÓ£ÕﬃPaCedUdPFÍêçdUPhH C ÓUPmRUGiPFÓVXÚ PmRUVSEXPhq
dUPhÓdsÓÎGIYÕl^G×Ïf^dU^:PéEXPhqiV:ÏÛGidsGiPhÓV_Ð2dsÓUGIH:Pds^:PKÏ\V_YkEXPFÏ\dsGiE8PÓs^2PFqIqõÕ$PmRUPéÓPhdÎdVÌgmPmRUVLnCXÏf^7VXÚds^2PFÓP
çWPmRUdUÐ:RUT!CedsGiV_Y:ÓRUPhÓUÐqidPFHáGIYéCêÓUÍC8qIqMPhY:PmRUoXÙ£Óç!GiíXP_[C8YHádU^:PÔPmïWVXRUdõÕC8ÓlCSTC8YH:VXY:PhHuLßõ^:RUV_Ð2o_^ds^:GIÓ
dsGIÍêPk[C8YH7V_Ð:dÎdV+Ceçç:RUVQë:GIÍCedUPhqiÙ ﬂ  aÓPFÏ\V_YHÓh[ds^2P4ÓçWPmPhHqIGIÍGidUPmRÕõC8ÓÎÓUPmdêdUV ãáí©Í

ÓhL EXPmR
ds^:GIÓlçWPmRsGiV2H[ds^2PPhY:PmRUo8ÙáçRV2HÐ!Ï\dUGiV_YéRsCedUPÓUdsCeT!GIqIGigmPhHéCedCeTWV_Ð:d     åﬁLË ^:PhYéÕﬃPÔRUPhÍÎVSE8PFHáds^:P
ÓçWPmPhHKqIGIÍGidPhYkdUGiRUPhqiÙ_[!ÏÛVXYkEXPFÏ\dsGiV_YY:PFCeRèdU^:P^:VXddUPhÓdèÓUçVXdsÓ(Ï\V_ÐqIHVXçWPmRsCedUPCed(CÎ^Gio_^:PmRÓçWPmPhHu[WCeYH
ds^2P4PhY:PmRUo8Ù çRV2HÐ!Ï\dUGiV_YÚ~RUV_Í ^:PhqIGIÐÍ TÐ:RsYGIY2o+H:RUVXç:çWPhH<dUV CSTWV_Ð:d£Ý   påOL J©Ð:T!ÓP©Ð:PhYkdUqiÙ_[$Gid





ﬁGioL :L   ß^:PlÐ:ççWPmRpçC8Y:PhqcÜn 2ÞÓU^:VSÕlÓpdU^:PlGIÍÎçCXÏ\d V8ÚMÐÓUGIY:o  PmRUVSE8PFq eCeÓ ÕﬃPhqIqC8ÓCÔÏ\V_YÓdRfC8GIYkdOV_Y










Ë Gids^ ds^2PPÛë2çWPmRsGiPhY!Ï\PÎokCedU^:PmRUPhH Ú~RUVXÍ ÍêV2H:PhqIGIY:o4n [ÕﬃPÍÎVQEXPhH dVKÓUGIÍÐ:q×CedUPCÍÐ!Ïf^ÍÎVXRP
PhY:PmRUoXPmdUG×ÏêÓdURUÐ!Ï\dsÐ:RPk[n ﬂLß^:GIÓÍÎV2H:Phq RUPmçRUPhÓPhYkdsÓCéÓdfCSRqiPhÓUÓds^!CeY ãáH!CFÙ©ÓÔçRUPÛÖÄçWPFCeíM[cÕlGids^ÌC8Y




ã  ÎÓPFÏ\V_YHÓèCeÚ~dUPmRèÓdsCeRUdUÐ:çcL 	dldU^:PGIÍÎçWVXÓUPhHéÓçWPmPhH4qIGIÍGiddU^GIÓÕC8ÓldUGIÍÎPÔÚ~V8RY2PQCSRsqiÙ Ï\V_Íêç!qiPmdUP
dsÐ2RsY:VSE8PhRUÓ(VXÚpds^:PÎÏ\V_YkEXPFÏ\dsGiEXPÓU^:PhqIqÄ[ds^:V_Ð2o_^ RUPhq×CedUGiEXPhqiÙéqIGidUdUqiPÍCSdUPmRsG×C8quÕC8ÓC8ÏÛdUÐ!C8qIqiÙéÍÎVSE©GIY:o0ÚC8Ód
PhY:V_Ð:oX^£dVêCXÏ\dsGiEeCedUPlds^:P(qIGIÍGidUPmRFLﬁß^:PRUPhÓUÐqidVXÚudU^GIÓ$ÓçWPmPhH0qIGIÍGidÕC8ÓﬃCÏ\V_YkE8PQÏ\dUGiEXPèÓs^2PFqIq!ds^!Cedﬃ^C8H




qIÐÍGIY2V_ÓUGidÂÙH:RUV8ççWPhH dUV CeTWV_Ð:dÎÝ ã  på Lß^2PÍÎV©H:Phq$ÕCeÓdU^:PhY Ú~V_qIqiVSÕﬃPhHÌÚ~VXRêC8Y7C8HHGidUGiV_Y!C8q
  ÓPFÏ\V_YHÓh[©ÓUÐ £ÏÛGiPhYkd$Ú~VXRﬃÍC8YkÙ£Ï\V_YkE8PQÏ\dUGiEXPPhqiPhÍÎPhYkddsÐ:RUY:VSEXPmRUÓFLOß^:P ﬀY!C8qWPhY:PmRUoXÙÎçRV2HÐ!Ï\dUGiV_Y
RfCSdUP^:PmRUPÔÕCeÓCSTWV_Ð:dCêÚCXÏ\dUVXRVXÚOÝêTWPhqiVSÕAds^:PãhBð^kÙ2H:RV_ÓdfCedUG×ÏDÍÎV2H:PhqEeC8qIÐ:P_Lß^:GIÓèGIÓdU^:Pq×CeRoXPhÓUd
HGiïWPmRUPhY!Ï\PéÓPmPhY7TWPmdÂÕ$PhPhY ds^2P+ãhB C8Y:H ÝXB ÍÎV2H2PFqIÓhL 	DGiE8PFY dU^:PédURPhÍÎPhYH:V_ÐÓêÓPFY:ÓsGidUGiE2GidÂÙÌVXÚèds^:P
PhY:PmRUoXÙçRV2HÐ!Ï\dsGiVXYRfCedPèdUVds^:PèçRPQÏÛGIÓPèÓdURsÐÏÛdUÐ:RUP_[XÕﬃPldUV©VXíêdU^:PèRPFÓUÐqiddVTWPDC8ÏhÏ\PmçdsCeT!qiP_[8T!Ð:d$GidGIÓ
Ï\PmRUdfCeGIYÎds^!CSdds^:PqiV_Y:oeÖÄdUPmRsÍ*CSçç!qIG×ÏmCedsGiVXYÎV8ÚdU^:PèEXPhqiV:ÏÛGidÂÙqIGIÍGidUPmRp^!C8Óds^:PPmïWPFÏÛdVXÚMVSEXPmRÖÄç:RUV2HÐÏmGIY2o




VXÚ ds^2PPhY:PmRUo8ÙêçRUV2H:Ð!Ï\dsGiV_YRfCedPk[_Y:PFCeR$Ý ã åOLpßõ^:PãhB ÍÎV2H:PhqÓçWPhYH:ÓõCeTWVXÐ:dõÝ:ãè^:V_Ð:RUÓﬃCedds^:GIÓ
^Gio_^©ÖÄPFY2PhRoXÙ£çRUV©HÐ!Ï\dsGiV_YáRfCedPÔTWPmÚ~VXRPÔds^2PRsCedUPÔTWPmo_GIY:ÓdUVH:PFÏÛRPFC8ÓPkLpßõ^:PÏ\V_ÍÎçWV_ÓUGidUGiV_YáÓdURsÐÏÛdUÐ:RUPhÓ




Óh[WCeYH4dU^:P^2PFqIGIÐ:Í Ï\V_YkE8PQÏ\dUGiEXPÓU^:PhqIqc^C8ÓH2PhE8PFqiV8çWPhHéV_Ð:dèdV  _Ýä+å









RUPFCXÏf^:PhH Y2PQCSRsqiÙ7ã  åO[ C8YHaCeokCeGIYﬀkÐG×Ïsí2qiÙéH:RUVXç:çWPhH dUV0dU^:PPÛë2çWPFÏ\dUPhHKE8CeqIÐ:PÜﬁGioL ﬂkÞ\L(ß^:P
GIYGidUG×C8q EeC8qIÐ2PVXÚﬃdU^:P£ÓçWPmPhH+qIGIÍGidUPmRÕõC8ÓÓPmddV ã í2Í

Óh[CeYHÌÕõC8ÓRPhÍÎVSEXPhHÌCeÚ~dUPmRqiPhÓsÓds^!C8Y ã 
ÓPFÏÛVXYHÓhLËÌP£CSokC8GIYCedUdPhÍÎçdUPhH dVKCeççqiÙ ds^:PÎghPmRVSEXPhqﬁVXçdsGiVXY ÜTWPmd¢ÕﬃPmPhYÌÝ  C8YH  áÓPFÏ\V_YHÓ{Þ\[
T!Ð:dTkÙ  0ÓPFÏ\V_YHÓÓUGIÍÎçqiÙKqiPhÚ~d(dU^:PÓUGIÍÐq×CSdsGiV_Y C8qiV_Y2PêÕlGids^ Y2V t_òá:FzVXçdsGiVXYÓhLßõ^GIÓDRUPhÓUÐqidUPhH








ÓhL 	dds^:PÎçWPFCeí PhY:PmRoXÙ çRV2HÐ!Ï\dsGiVXY RsCedUP_[ ds^:P







ß^:GIÓDÍêV2H:PhqÕõC8ÓRUÐYKdÂÕèG×Ï\P_[!V_Y!Ï\PÕlGids^aC :L ﬂÍÎPmokCQÖÄghVXY:PÍÎPhÓU^u[Mn 
[MC8Y:H Ceo_C8GIY4ÕèGids^ ãXL Ý
ÍÎPmokCSÖÄgmV_Y2PFÓh[Xn 
  L ßõ^:Pè^Gio_^:PmR RUPhÓV_qIÐ:dUGiV_Y4Üq×CeRUoXPmRpÍêPFÓU^WÞRUÐYÎÕC8ÓpÓdfCSRUdUPhHêds^2PÓsC8ÍêPlÓUçPhPhHqIGIÍÎGidUPmR
T!Ð:dlGidﬃÕC8ÓﬃRUPhÍÎVSE8PFHáCeÚ~dPhRﬃV_YqiÙ  ÓPFÏ\V_YHÓhLpæYén 
  [:Y2VCeddUPhÍÎçdUÓõÕ$PhRPÔÍC8H:PDdUVÐ:ÓUPdU^:PgmPmRUVSEXPhq


























Ñ!Ð!Ï\dUÐ!CedsGiVXYÓêGIY ds^:PéÏ\V_Y_EXPFÏÛdUGiEXP0ÓU^:PhqIqÄLß^:Pã  å=ÍêV2H:PhqÜn ﬂkÞ{[ ÕõC8ÓÎCeqIÓUVadPhÓUdPhH Ú~VXRêÓdfCeTGIqIGidÂÙ















ﬁGioL ﬂL   æYaTWV8ds^n 
aÜRUPhHWÞC8YH n 
Ü~T!qIÐ:PSÞ\[Wds^:PmRUPêGIÓC8Y GIYGidUG×C8qcdURfCeYÓUGiPFY_dÔCeÓsÓV:ÏÛG×CedPhHKÕèGidU^ ds^:P







L   lÐY<n 
 çWPmRUdUÐ:RUTPFHL èççWPmRhö0ds^2PéPhY:PmRoXÙ+çRUV2H:Ð!Ï\dsGiV_Y RfCSdUPÚ~RV_Í CeY<CSRUdsG ﬀ!ÏmG×CeqIqiÙÌGIY2Ö

















VXÚpdU^:PVXçWPmRfCedUGiV_Y4VXÚÏ\V_YkEXPFÏ\dsGiVXYuLæYKds^2PêY:PhGio_^kTWV8Rs^:V©V©HKVXÚpds^2P Z  ÒÓUÐ:RÚCXÏ\PÓU^:VSÕlYu[WdU^:PEXPhqiV:ÏÛGidÂÙ
EXPFÏ\dUVXRUÓﬃÓU^:VSÕACE8PhRÙHGiïWPmRUPhYkdﬃTPF^CFE2GiVXRhL îèPmRUP(ds^:PmÙÓU^:VSÕ çCSdUdUPmRUYÓ$VXÚcRUGIÓsGIY2oÎCeYH0ÚCeqIqIGIY:oRPhoXGiV_YÓ
C8Óêç!qIÐÍêPFÓÎH:PmEXPhqiVXçu[Ï\V©V_qÄ[ÍG ë [C8YH7ÚC8qIqÄL EXPmRêds^:Pé^:VXÐ:RÎÚ~V_qIqiVSÕﬃPhH GIYÍêV2H:Phqln 
[ÓUÐ:TÓUdsC8YkdUG×C8q
ÍG ë:GIY2oV2ÏhÏÛÐ:RRUPhH£VSE8PhR$dU^:PDGIYY:PmRõ^!C8qiÚVXÚuds^2PDPÛë2çPQÏ\dPFH£RUPmo_GiVXYu[2CeYH0ÕõC8ÓﬃÓUqiVSÕèqiÙÎÍÎVSE2GIY:oV_Ð:d¢ÕCeRUHuL
	(Y C8qidUPmRsYCedsGiEXPGIqIqIÐÓdRfCedUGiV_YVXÚ dU^GIÓÍG ë:GIY2o£GIÓÓU^:VSÕlYKGIY ﬁGioLÔã8ãX[WC£Ï\V_qiV8Rèç!qiVXdÓU^:VSÕèGIY2ods^:P
HGIÓdURUGiT!Ð:dUGiV_Y VXÚ
Z
  V_YC ÓUqIG×Ï\P0ds^:RV_Ð:o_^ ds^2P4ÓdsCeR4Ü~RsÐYn 
kÞ\L+ßõ^:PVXRsGio_GIYC8qﬃÏ\V_YkEXPFÏ\dsGiEXP0Ós^2PFqIqﬃGIÓ
H:Pﬁﬀ!Y:PhH0T©ÙéZj{`=Ï\V_YkdUVXÐ:RsÓﬃÕl^:PmRUPDdU^GIÓõGIÓVXdVXçWPD^!C8ÓCÍC8ÓUÓ$Ú~RfC8ÏÛdUGiV_YVXÚ :L  0ÜÙXPhqIqiVSÕ(Þ\Lﬁß^:PZ

ìGIÓ
Ï\RUPFCedPFHKGIY ^2VXdsÓçWVXdUÓ(GIYaCds^:GIY q×CFÙXPmR(Ced(dU^:PTWVXdUdV_Í VXÚ ds^:GIÓÏ\V_Y_EXPFÏÛdUGiEXPRUPmo_GiV_Y C8YHKÍG ë2PhH4TWVXds^
V_Ð:d¢ÕCeRUHC8Y:HÌGIYkÕõCeRsHLß^:PÎçWPFCeíÌZ

	ÍC8ÓUÓDÚ~RfCXÏ\dsGiVXYaGIÓÔY:PFCeR  <ã   h[cC8Y:HÌCéÏ\V_YkdV_Ð:RDVXÚDã  










Y©Ð!ÏÛqiPFCeRRPFCXÏ\dsGiV_YÓh[OT!Ð:dÎdU^:PéÓdRsÐ!Ï\dsÐ2RUP4Ïf^!CeY:oXPCedêds^:PáçWPFCeí+VXÚèdU^:Pé^:PhqIGIÐÍ ÑC8ÓU^7GIÓÎC ds^:PmRsÍC8q Ö
dsGIÍêPFÓsÏmC8qiP£CeHeØ#ÐÓdsÍÎPhYkdhLﬁ	(ÓPhY:PmRUoXÙ GIÓçRV2HÐ!Ï\PhHu[ﬁdU^:PáÏ\V_YkE8PQÏ\dUGiEXPçWVXRdsGiV_YVXÚõds^:P0ÏÛV8RUP£GIÓdURsC8YÓ#Ö
Ú~VXRUÍÎPhHéT©Ù0PÛë2çC8Y:ÓsGiVXYéÚ~RV_Í CÎH:PmoXPhY:PmRfCSdUPÏ\V_Y ﬀ:o_Ð:RfCSdsGiV_YéÓUÐ:ç:çWVXRUdPhH4T©Ù :PhRUÍGçRPFÓUÓUÐ:RPdVSÕCeRUHÓ











































































GIY Õè^G×Ïf^<ã áÙXPFCeRUÓVXÚﬃPhY:PmRUo8Ù çRUV©HÐ!Ï\dsGiV_YRsCedUPGIY!Ï\RPQCeÓUPÎV:ÏmÏÛÐ:RUÓGIY ã éÍGIYkÐ:dUPhÓhLCSRsGiV_ÐÓdPFÓdUÓ
H:V_Y2P^:PmRUPH:PhÍÎV_YÓdRfCedPﬃds^CedC8qIqkVXÚVXÐ:R ÍÎV2H:PhqIÓﬁÕﬃPmRUPõÓUÐ £ÏÛGiPhYkdUqiÙRPhÓUVXqiEXPhHdUVDPhqIGIÍGIYCedUP$dU^GIÓOoXRV_ÓUÓ
GIYÓdfCST!GIqIGidÂÙ_L0ËÌP£TWPhqIGiPhE8Pds^GIÓÏÛVXY ﬀRsÍÎÓdU^!CedÝXB ÍêV2H:PhqIGIY:o[co_GiEXPhY+ÓUÐ £ÏÛGiPhYkdRPFÓV_qIÐ2dsGiV_Yu[GIÓCeTqiP
dUV£o_GiEXPêÏ\V_Y_EXPFÏÛdUGiEXPÍÎVXdUGiV_Y4ds^!CSdGIÓDC8H2PkÐ!CedUPdVÏmCeRURÙéds^:P^:PFCed(Ñ!Ð2ë[ C8YH H:V©PhÓDY2VXdDY:PmPFHKdUV£TWP
ÓUÐ:ççWV8RUdUPhHT©ÙÜ~VXRVXççWVXÓUPhHT©Ù!ÞﬃCeç:çRUVQë2GIÍCedUPÔÍêV2H:PhqIGIY:oÎV8ÚOÓUÍC8qIq ÖÓsÏmC8qiPDdUÐ:RUTÐqiPhY!Ï\PkL





ÓU^:PhqIqlPmEXPhY=GiÚDdU^:PmRUP GIÓKyMé^:PhqIGIÐÍ Ñ!C8ÓU^uL 	ÓUdRUVXç^kÙ2ÓUG×ÏÛGIÓUdUÓ^!CFEXP4Ú~RUP©Ð:PhYkdUqiÙY:V8dUPhHàÜP_L oLAæÄEeC8YÓ
xÛt8  :ãX[õ`õCFEeC8qIqiV  CeokCeR  kÞds^!CedÓUVXÍÎPéo_G×C8Y_dsÓh[$Y:V8dY:PFÏ\PFÓUÓsCeRUGIqiÙ TWPmÙXV_YHds^:PK^2PFqIGIÐ:Í
ÑC8ÓU^u[_^!CFEXPC8Y:VXÍC8qiV_ÐÓpÓUÐ:RUÚCXÏ\P(CST!ÐYH!CeY!Ï\PFÓds^CedÓsÐ2oXoXPhÓddU^:PèçWVXÓsÓUGiT!GIqIGid¢ÙVXÚÍG ë2GIY:oÔTWPmdÂÕﬃPmPhYÎds^:P
Ï\V_YkEXPFÏ\dsGiE8PPhYkE8PFqiV8çWPCeYHadU^:P^kÙ©H:RUVXo8PFY©ÖÄT!Ð:RsY:GIY:oéÓU^:PhqIqÄLDË+PCeççWPFCeRDdUVáTWPÓPmPhGIY:oÓV_ÍÎPêÍÎVXdsGiVXY










ﬁGioLã !L   `$V_Y_EXPFÏÛdUGiEXPC8YH4VXds^2PhR(ÍêVXdsGiV_Y4GIY4RsÐYan 
[MCSTWV_Ð:d    8Ó(CSÚ~dUPmRdU^:PÓdsCeRUdhLßõ^:PêÏ\V_qiVXR#Ö







  ø   ﬂ _ß ﬂ ﬂýWú
ãQÞﬃß^:PÝXBàÓUGIÍÐq×CedUGiV_YÓﬃÕﬃPmRUPRUVXT!Ð:ÓUdUqiÙ0ÓUdsCeT!qiP_[C8Y:Hu[!CeçCeRdlÚ~RV_Í ds^:PÏ\V_YkEXPFÏ\dsGiE8PÔÓU^:PhqIqGidUÓUPhqiÚ#[
ds^2PTWPh^!CFE2GiV8RDV8Úpds^:PêÓdfCeR(ÕCeÓÏ\V_Y:ÓsGIÓdPFY_d(ÕèGidU^a^_Ù2H:RUVXÓUdsCedsG×ÏÍÎV2H:PhqIGIY:o![PhE8PFYaCed(ds^2PêçWPFCeíéVXÚpds^:P







CeRÙV8ÚÔÏ\V_YkEXPFÏ\dsGiV_Y<C8ÓH:PmdUPmRsÍGIY2PFHÚ~RUV_Í CÌÓdfCST!GIqIGidÂÙ7Ï\RsGidUPmRUGiV_Y<GIY<ds^:P ãhB Ï\V2H:P_L îlVSÕﬃPmEXPmRF[Õ$P
ÏmC8YY:V8dlÏÛq×C8GIÍ*ds^!CedﬃVSEXPmRsÓU^:V©V8dõÕlGIqIqMY:VXdõV2ÏhÏÛÐ:RõGIYáqiV_Y:oXPmRﬃRUÐYÓhLæY ãhB[©ds^2PÔGIYY2PhRﬃTWV_ÐYHCeRUÙ£VXÚuds^:P
Ï\V_YkEXPFÏ\dsGiE8PÓU^:PhqIqcGIÓèY2PQCSRsqiÙéÏ\V_GIY!ÏÛGIH:PhYkdÕèGids^édU^:PçWPFCeíPhY:PmRUo8ÙáçRV2HÐ!ÏÛGIY:o£ÓU^:PhqIqÄL (Ð:RÓsGIÍÐq×CedsGiVXYÓ










 uúý  ©þ  ©ú ûﬂ
ß^:GIÓÓdsÐ:H:Ùé^!CeÓèTWPmPFYKÏmCeRURUGiPFHáV_Ð:dÐYH:PmRèds^:PC8ÐÓç!G×Ï\PhÓèV8ÚOds^2P L JMLB(PmçCeRdsÍÎPhYkdlVXÚpnY2PhRoXÙ_[
(CSdsGiV_Y!Ceq èÐ!ÏÛqiPQCSRDJkPFÏÛÐ:RsGid¢Ù 	HÍGIYGIÓdRfCedUGiV_Yu[2T©Ù0ds^2P èYGiEXPmRsÓUGidÂÙ£VXÚ`õC8qIGiÚ~V8RsYG×C[:bcCFÕRUPhY!Ï\PbcGiE8PhR#Ö
ÍÎVXRP (CedUGiV_Y!C8qbcCeTWV8RfCedVXRUÙ_[2ÐYH:PmRèÏÛVXYkdURsCXÏ\d èVLﬁË Ö   FÖ¢nY:o8Ö  ﬂ:L ]_bÕC8ÓõçCSRUdsG×CeqIqiÙ£ÓUÐ:ççVXRUdPFH






	(qiPÛëCeYH:PmRF[BL L  PmRUo_Ð:ÓUVXYu[!]!L©Ë-Luã








C8Y[ 	êLI[`õCFEeC8qIqiV![ L  Li[MB(PFCeRTWVXRUYu[ BLJWLMN Li[MnpoXoXqiPhdV_Yu[WNOLWNOLI[MBV_ÓUÓsC[MBêLWBL  DPhqIqiPmRF[ JML`(LI[
ßﬁCFÙ2qiV8RF[ﬃ	L 	êL ÒßÐ:RsÏ\VXdUdPk[!JMLI[   XÝ[:GIYéÝSÖ¢B J_dUPhqIq×CeRlnpEXV_qIÐ:dUGiV_YáPhHÓèßÐ:RsÏ\VXdUdPk[!JMLI[  DPhqIqiPmRF[
JMLW`(L *`õChE8CeqIqiV[ L  Li[ 	J2N=Ï\V_Y:Ú#L 
XÝ[©çcã:L
`õChE8CeqIqiV[ L  L  (CSokCeRF[ L  LI[   :[ 	D]![ã[ ãhÝ L
`$VXqiPk[:N LkË-L  BPhÐ:çRPhP_[ L 	êLi[uã
 ﬂãX[ 	èç]![   ©[  2LiL
BPQCSRUTWVXRUYu[BêLJML!NOLI[©Ë GIqIÓV_Yu[]!L  aCSds^:PmÕèÓh[ 	LI[ :[ﬃ	ç]![ 	Ð:oGIYç:RUPhÓUÓFL
BPFÐ2çRUPmP_[ L 	êLI[ã

[ 	ç!]![  2ãX[Ý  2L
npoXoXqiPhdV_Yu[:NOLNOLI[ã
 ©ãX[  [ã:ãX[Ý:ãXL
npoXoXqiPhdV_Yu[NOL NOLI[ﬃCeg

C8Yu[ 	êLI[uB(PFCeRTWVXRUYu[uBêLuJMLNOLI[uBV_ÓUÓsC[BêLBLi[ußﬁCFÙ2qiVXRh[ 	L 	LI[`ﬃC8ÓdUVXRh[u]!LæfLi[
KÐ:RURsCFÙ_[JMLI[u`V©VXí [  ÎLWîLi[npqidUoXRVXds^u[WNOL 	LI[`õCFEeC8qIqiV[ L  Li[ ßÐ2RfÏ\VXdUdP_[JMLi[  DPFqIqiPmRh[ JML`DL
%NpÐHqIGIY:PmRF[ DLJML  8Ý[pGIY7ÝSÖ¢B&JkdUPhqIq×CeRÎn EXV_qIÐ:dUGiV_Y PhHÓÎßÐ:RfÏ\VXddUP_[$JWLI[  DPhqIqiPmRF[JMLp`DL
`õChE8CeqIqiV[ L  Li[ 	J2Nﬃ`$VXY:Ú#L  
XÝ[2çcã8L
npoXoXqiPhdV_Yu[:NOLNOLI[ CeÐqií2Y:PmRF[]!L  ﬁq×C8Y:Y:PmRUÙ_[ DL!NOLi[uã
 eÝ[ﬃ	  	[ eÝ[Ý2L
CeÐqií2Y:PmRF[:]!LI[uã
[ﬃ	ç]![uã  [ 
  ﬂL
	(RsCeTWV_ÓíXP_[îLW`DLi[!BPmÕèGidUdh[îLnèLi[ 	(RUVXÓsÓUÍCeYu[ 	LJMLi[ *`$V©VXçPhRh[  LJMLI[uã
 eÝ[ﬃ	ç!]![uã ﬂãX[ﬃ  




îÐ2TTCeRUHu[2Ë-L DL  bcC8ÍêçWP_[  LI[ã

[ 	ç!]©JM[uã ﬂ[  
 
æÄdUVX^u[ LI[ KGidfCSíXP_[JWLI[!æÄÙXPmdV_ÍGÄ[:îL Òæ¢Ï{^:GIÍCeRsÐ[JMLi[uã
 ﬂXÝ[ﬃ	èç]![  eÝ[   L








æÄEeC8YÓh[æfL æfLi[  DRfCSÚ~dF[ LMNOLI[cJkY:PhH:PhYu[`(LI[uJ©ÍGids^[ 	êL îLI[ lG×Ï{^[ L  L âJ©^:PmdRUV_Y:P_[  L   ãX[ 	D]![
ã2[ã kÝ ﬂ
4PFÓdPFqÄ[:bLi[uã
:[  [ãXã:[  ﬂXÝL
NﬁPhÍTWPmR LﬃDL  	(Y:H:PmRsÓV_Y L_Ë-LI[ ãSdU^ﬁ	ÍÎPmRsG×ÏmC8Y0æYÓdsGidUÐ:dUP(VXÚ	èPhRV_Y!C8Ð2dsG×ÏÛÓõC8YH 	(ÓdURV_Y!C8Ð:dUG×ÏÛÓ
`$VXÍÎç!Ð:dsCedsGiV_YC8q ﬁqIÐGIH7BÙ2Y!CeÍG×ÏÛÓF[ 	(YC8^:PhGIÍ4[` 	[O]XÐY ãXãÖ]XÐ:Y ã [  :ãX[ D` èb Ö¢]©`Ö
ã kÝL
NﬁV_qIÓh[ L Li[!ßcV_Ð2dF[`DL 	Li[!npoXo_qiPmdUVXYu[:N L:N L Òî(C8Y[ ﬁLI[uã






VXoXPmRsÓh[ ﬃL!]!L ÒæÄo_qiPhÓUG×C8Óh[!`DL 	Li[uã

:[ﬃ	èç]![  ãX[:ÝãXL
J2Ïf^kÕõCeRUghÓsÏf^GIqIHu[  L  î CeRsÍé[ Li[ã
:[ﬃ	ç]![uãhÝ[ã ﬂ:L
ßGIÍÎÍÎPhÓF[ ﬃL êLi[îèVXïMÍC8Yu[ L 	LI[ àË+V©VXÓsqiPmÙ_[JMLnèLi[    [ 	èç]![uã
:[Ý  2L
ËÌV©V2H:ÕõCeRsH4NOL *`V_qiPhqIq×CêN Li[ã
 ﬂ [:]0`V_ÍÎç!Ð:dhL!Np^kÙ2ÓhLI[  [ãXã2L

				ﬀﬁﬃﬂﬂﬃ "!$#%'&(*)+,-.
/02143'1
UCRL-JRNL-213547
